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Abstract. Bioenergy from renewable resources is already today a viable alternative to fossil 
fuels. Food-to-fuel debate leads the research around the world to the second generation of ethanol, 
from lignocellulosic biomass. The yield, productivity and cost for the hydrolysis of cellulose to 
glucose are crucial for the production of second generation ethanol. In the first study we have 
evaluated the activity of several commercial cellulolytic enzymes and a crude extract of a local strain 
of Trichoderma viride. The load used was 15 U of cellulase/gram cellulose and 90 U of 
cellobiase/gram cellulose. The hydrolysis was carried out at 50oC and pH 4,8 for 96 hours. The best 
cellulose hydrolysis yield of 79 % was obtained with the cocktail formed of crude cellulases from T. 
viride CMIT3.5 combined with cellobiase Novozyme 188. This cocktail was used in the second study, 
when alkaline-steam pretreated lignocellulose was hydrolyzed at pH 4,8 for 96 hours. The temperature 
was set at 50oC and 40oC. The hydrolysis at lower temperature was tested for a future experiment of 
simultaneous hydrolysis and fermentation. An enzymatic assay using glucose-6-phosphate 
dehydrogenase was used to determine exclusively glucose, instead of wide-range sugar DNS assay. 
Reporting to cellulose content of pretreated biomass (dry weight), the following results in cellulose 
conversion were obtained: 75 % in corn stover at 50oC and 72 % at 40oC; 77% in wheat straw at 50oC 
and 76 g% at 40oC. Further studies, concerning the optimal parameters for cellulase cocktail will be 
made. 
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INTRODUCTION 
 
Lignocellulose is the most abundant organic material on earth and is therefore a 
promising raw material for bioenergy production. The conversion of lignocellulose to ethanol 
is a three steps process: in the first step the carbohydrates are released from lignocellulosic 
complex; in the second step the carbohydrate biopolymers are hydrolyzed to simple sugars; 
and the final step consists of fermentation of sugar to ethanol (Lange, 2007). In Romania, 
millions of tons of lignocellulosic biomass, especially wheat straw and corn stover are 
generated yearly as residues from agricultural activities. Although some of these materials can 
be used in many sectors of the economy, a large part of the lignocellulosic biomass is a 
surplus and is burned on the field or ends up as a pollutant. This surplus is a potential 
feedstock for biomass ethanol. However, irrespectively of the biomass availability, the yield, 
productivity and cost for the hydrolysis of cellulose to glucose are crucial for the production 
of second generation ethanol (Lynd, 1996). There is a need to develop new enzymatic 
cocktails for hydrolysis of cellulose and production of ethanol from biomass. 
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MATERIALS AND METHODS 
 
Substrates 
Four substrates were compared: wheat straw, corn stalks, filter paper and cellulose 
Avicel PH101 as etalon crystalline cellulose. The straw, paper and stalks were individually 
chopped to a size less than 5 mm prior pretreatment or direct hydrolysis. 
 
Pretreatment: 
The wheat straw, corn stalks were pretreated using conditions that previously have 
been shown to be optimal for this type of biomass: in NaOH 2% solution, and autoclaving at 2 
bar for 30 minutes. The filter paper was pretreated in phosphoric acid 85% at 4oC, 24 hours. 
The pretreated biomass was washed and neutralized. The amount of water used for washing 
was around 12 volumes of biomass volume. The reason for washing is to eliminate the 
inhibitors resulted after pretreatment (furfural, hydroxymethyl furfural, traces of acids, 
hydroxides, salts), and resulted glucose, due to its inhibiting effect for cellulases (Brown C., 
2003). 
Important! all lignocellulosic materials which have undergone some aqueous 
pretreatment must never undergo any drying whatsoever prior to enzyme digestibility, since 
irreversible pore collapse can occur in the micro-structure of the biomass leading to decreased 
enzymatic release of glucose from the cellulose. Additionally, all frozen lignocellulosic 
materials which are to be subjected to digestibility tests can not have been frozen for more 
than one month prior to analysis, since, depending on the environment, sublimation could 
have occurred, leading to possible irreversible collapse of micropores in the biomass (Brown 
L., 1996). 
 
Hydrolysis: 
In the first study we have evaluated the activity of several commercial cellulolytic enzymes 
and a crude extract of a local strain of Trichoderma viride. The enzymes are: Cellulase 
Onozuka from Merck, Zetalase and Hidrocell from a local provider, and the whole cellulolytic 
enzyme pool produced in laboratory by a culture of T. viride CMIT3.5 (other name: T. viride 
CMGB1, microorganism kindly donated by Dr. Săsărman Elena, from the University of 
Bucharest, Faculty of Biology). These enzymes were used individually or combined with 
cellobiase from Aspergillus niger – Novozyme 188 (Novo Industries) to hydrolyze cellulose 
Avicel. The load used was 15 U of cellulase/gram cellulose and 90 U of cellobiase/gram 
cellulose. Considering that the cellulases will be used in further experiments in simultaneous 
hydrolysis and fermentation systems, besides cellulose, nutrients for yeast cultures were 
added to the hydrolysis probes: cellulose 1%; yeast extract 1%; peptone 2%. The hydrolysis 
was carried out in sterile conditions at 50oC and pH 4,8 for 96 hours, in a thermostated water 
bath with shaker. Every 24 hours probes were harvested in aseptic conditions, centrifuged and 
stored at -20oC. After four days of hydrolysis the dry weight of the remained cellulose, and 
the concentration in glucose in harvested probes was determined.  
In the second study, using the results obtained in the first study, an enzyme cocktail was 
selected to hydrolyze lignocellulosic biomass resulted from agricultural activities (wheat 
straw and corn stover) and etalon cellulose (Avicel and filter paper). We applied the same 
hydrolysis conditions described in the first study, excepting temperature. The hydrolysis was 
carried out in sterile conditions, in two thermostated water baths with shaker: 
a. At 50oC - the optimal temperature for cellulolytic activity. The enzymatic load used 
was 15 U of cellulase/gram cellulose and 15 U of cellobiase/gram cellulose; 
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b.  At 40oC – temperature that will be applied in further studies for simultaneous 
hydrolysis and fermentation. The enzymatic load used was 15 U of cellulase/gram 
cellulose and 90 U of cellobiase/gram cellulose. The load of cellobiase in this case 
was 6 units cellobiase/1 unit cellulase (after Lynd, 1996). The amount of cellobiase 
was increased to overcome the effect of the lower temperature. 
 
Analysis methods 
To evaluate the dry matter content, 10 g of solid material was dried at 105oC for 24 
hours to determine the dry weight.  
To determine the glucose content in liquid samples, the probes were centrifuged 10 
minutes at 10000 rpm and the supernatant was analyzed. An enzymatic assay using glucose-6-
phosphate dehydrogenase, NAD, ATP and hexokinase was used to determine exclusively 
glucose. The NAD accumulated after the reaction was measured in UV spectrophotometer at 
340 nm. The glucose was determined as standard a series of dilutions of glucose. This method 
is very specific, instead of DNS assay, which detect a wide range of reducing sugars. 
 
RESULTS AND DISCUSSION 
 
The dry weight of the four raw materials used in this study is: 
- Wheat straw: 93% DW; 
- Corn stalks: 82% DW; 
- Celulose Avicel: 97,1 % DW; 
- Filter paper: 95,5 % DW; 
After pretreatment, from 1 gram of crude biomass the following weights of pretreted 
wet biomass were obtained: 
    3,78 grams of corn stalks 
    6,18 g wheat straw 
    8,8 g filter paper 
The pure celulose Avicel thoes not need to be pretreated. 
The dry weight of pretreted wet biomass was as follow: 
- Wheat straw: 10,55%DW; 
- Corn stalks: 19,9% DW; 
- Celulose Avicel: 97,1 % DW; 
- Filter paper: 10,7% DW; 
In the second study, the hydrolysis probes contained 4 grams of wet, pretreated 
biomass in 100 ml liquid hydrolysis medium. The 4 grams of pretreated biomass originate 
from the following amounts of crude biomass: 
• 1,06 g corn stalks, 
• 0,64 g wheat straw, 
• 0,45 g filter paper 
 
In the first study, the cellulolytic preparates where used to hydrolyze crystalline cellulose 
Avicel. The results in figure 1 indicates that the best cellulose hydrolysis yield (79%), has 
been obtained using the cocktail formed of the whole crude cellulolytic enzyme pool 
produced by T. viride CMIT3.5 combined with cellobiase from Aspergillus niger. Even crude 
Trichoderma cellulases alone can produce more glucose than other commercial enzymes. As 
for the residual cellulose after hydrolysis, in the case of the above mentioned cocktail (T+C), 
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only 20% of the cellulose was found unhydrolyzed, comparing with 80% of cellulose in the 
probe containing only Zetalase (Z). 
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Fig. 1.  Hydrolysis of crystalline cellulose Avicel with different cellulolytic enzymes: H = Hydrocell,  
O = Onozuka, T = cellulase localy produced with Trichoderma, Z = Zetalase, C = cellobiase from Aspergillus. 
 
After pretreatment of agriculture biomass, the weight of the biomass has changed by 
water absorption during pretreatment and washing. From 1 gram of wheat straw and corn 
stover, 6,18 grams and 3,78 grams respectively of pretreated biomass was obtained. These are 
important data to be used in the calculation of process efficiency. 
Results in figure 2 indicates that the cocktail formed of 15 units of cellulases from 
Trichoderma and 15 units of cellobiase from Aspergillus, at 50oC, gives the highest yield in 
glucose: 75 grams of glucose from 100 grams of cellulose in corn stalks and 68 grams of 
glucose from 100 grams cellulose in wheat straw. In filter paper, as etalon cellulose, the 
cellulose yield was 80%. 
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Fig. 2. Hydrolysis at 50oC. P1 = pretreated biomass with cellulases from Trichoderma, P2 = pretreated biomass 
with cellulases from Trichoderma and cellobiase from Aspergillus 
 
As for hydrolysis using the cocktail formed of 15 units of cellulases from Trichoderma 
and 90 units of cellobiase from Aspergillus, carried out at 40oC, results in figure 3 indicates 
that the highest yield in glucose was obtained this time in wheat straw, 76%, as for corn 
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stalks, the conversion percentage is 72%. In the case of filter paper, 80% conversion of 
cellulose to glucose was achieved. The overall observation is that the speed of hydrolysis was 
lower at 40oC than at 50oC. 
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Fig. 3. Hydrolysis at 40oC. P1 = pretreated biomass with cellulases from Trichoderma, P2 = pretreated biomass 
with cellulases from Trichoderma and cellobiase from Aspergillus 
 
CONCLUSIONS 
 
It is well known that the catalytic rate of enzymes increases with temperature. It is 
interesting to note that, in this study, the overall effect of the temperature on the conversion 
rate of cellulose to glucose is very low. Another factor that affects the efficiency of the 
process is the cellobiase load. Fungi as Trichoderma produce endoglucanases and 
exoglucanases, but not cellobiases. This is the reason why it is very important to add 
cellobiases synthesized by other microorganisms, as Aspergillus to increase the efficiency of 
the process. Our results indicates that the hydrolysis of lignocellulosic biomass can be carried 
out at 40oC with very good conversion rates. This temperature can be used in simultaneous 
hydrolysis and fermentation of lignocellulose to ethanol using yeast or bacterial strains able to 
ferment glucose at 40oC. This way, the processing time can be reduced by replacing the two-
phase hydrolysis and fermentation with the shorter simultaneous hydrolysis and fermentation 
of lignocellulose to ethanol. Further studies, concerning the optimal parameters for cellulase 
cocktail will be made. 
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